Recent studies have reported that gastric, colon and other carcinogenic processes could be blocked by non-steroidal anti-inflammatory drugs (NSAIDs), through the inhibition of cyclooxygenase 2 (COX 2).
thesized products, methyl ester, ethyl ester and g-lactone derivatives of indomethacin, were obtained from the College of Pharmacy, TMU. 6) Test sample solutions of indomethacin and its derivatives (20 mg/ml) were prepared by dissolving each compound in DMSO, and then storing them at Ϫ20°C until use. Serial dilutions of the sample solutions with culture medium were prepared immediately before the in vitro assays were performed. The final concentration of DMSO was adjusted to 0.5% (v/v).
LPS-Stimulated RAW 264.7 Cells Treated with Test Samples
The murine macrophage cell line, RAW 264.7, was cultivated in DMEM supplemented with 10% FBS at 37°C in a humidified atmosphere of 5% CO 2 . RAW 264.7 cells (4ϫ10 5 cells/ml) were plated in 96-well plates and treated with LPS (500 ng/ml) and the test samples. After 18 h, the levels of nitrite and PGE 2 in the cell culture supernatants and cell viability were measured as described below.
Measurement of Nitrite Formation Nitrite, as an indicator of NO synthesis, was determined in cell culture supernatants by the Griess reaction. The Griess reagent is composed of 1% sulfanilamide and 0.1% naphthyl ethylene diaminedihydrochloride in 5% H 3 PO 4 . Supernatants (0.1 ml) of the culture media were added to a solution of 0.1 ml Griess reagent to form a purple azodye. Nitrite production was measured by an absorption reading at 530 nm.
Measurement of PGE 2 Production
One hundred microliters of supernatant of culture medium was collected for the determination of PGE 2 concentrations with an ELISA kit (Amersham Pharmacia Biotech, U.K.).
Cell Viability Mitochondrial respiration, an indicator of cell viability, was assayed by the mitochondrial-dependent reduction of MTT to formazan. Cells in 96-well plates were incubated with MTT (0.25 mg/ml) for 4 h. Cells were solubilized in 0.04 N HCl in isopropanol. The extent of the reduction was measured by the absorbance at 600 nm.
Agarose Gel Electrophoresis HL-60 cells (1ϫ10 6 cells/ well) were treated with test samples for 12 h, and the extent of DNA fragmentation was assessed by 1.5% agarose gel electrophoresis.
11)
Flow Cytometric Analysis After appropriate treatment, HL-60 cells (5ϫ10 5 cells/well) were harvested by centrifugation and washed with PBS. Cells were fixed in ice-cold 80% ethanol, treated with 1.0 mg/ml RNase A, and stained with 50 mg/ml propidium iodide. Samples were run through a FACScan (Becton Dickinson, San Jose, CA, U.S.A.). Results are presented as the number of cells versus the amount of DNA as indicated by the intensity of fluorescence. 11) iNOS and COX 2 Protein Expression in RAW 264.7 Cells RAW 264.6 cells (4ϫ10 5 cells/ml), grown in 6-well plates to confluence, were incubated with or without LPS, in the absence or presence of the test samples, for 18 h, respectively. Cells were washed with ice-cold phosphate-buffered saline and stored at Ϫ70°C until further analysis. Protein samples were prepared and resolved by denaturing SDS-PAGE using standard methods. The proteins were transferred to a nitrocellulose membrane, and Western blotting was performed using a polyclonal rabbit IgG antibody against iNOS (sc-651), a polyclonal goat IgG antibody against COX 2 (sc-1745), and monoclonal mouse IgM antibody against a-tubulin (sc-8035; all three from Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.);. Goat anti-rabbit, goat anti-mouse, or donkey anti-goat antibodies conjugated to alkaline phosphatase (sc-2007, sc-2022, and sc-2008) and BCIP/NBT (BCIP/NBT, Gibco) were used to visualize the protein bands.

PARP and Caspase 3 Protein Expression in HL-60
Cells HL-60 cells (5ϫ10 5 cells/well) exposed to test samples for 12 h were collected into tubes and then washed with PBS. Protein samples were analyzed as described above. Western blotting was performed using an antibody specific to human poly(ADP-ribose)polymerase (PARP) (Santa Cruz Biotechnology). Goat anti-rabbit or anti-mouse antibody was conjugated to alkaline phosphatase (sc-2007; Santa Cruz Biotechnology).
11) RESULTS
The Anti-inflammatory Effects of the Methyl Ester Derivative of Indomethacin in LPS-Stimulated RAW 264.7 Cells The anti-inflammatory effects of indomethacin and its derivatives were measured by on LPS-stimulated RAW 264.7 cell model. M-IN more potently inhibited NO production by LPS-stimulated RAW 264.7 cells than did the others at 50 mg/ml, and its IC 50 value was 14.6 mg/ml (Table 1 ). In addition, the PGE 2 level was also inhibited by M-IN as well as by indomethacin, but L-IN had no effect (Table 1) at 25 mg/ml. None of the four samples showed any cytotoxicity to LPS-stimulated RAW 264.7 cells after treatment for 24 h at 100 mg/ml. The effects of M-IN on the induction of iNOS and COX 2 enzyme expressions were evaluated using a Western blot technique. As shown in Fig. 2 , M-IN concentration-dependently reduced the induction of iNOS and COX-2 at 12.5-100 mg/ml (Fig. 2) . The pharmacological functions of the photo-synthesized product, M-IN, still showed anti-in- a) Concentrations of test samples were 50 mg/ml, and cytotoxicity indexes were all less than 10%. b) Concentrations of test samples were 12.5 mg/ml. -, the IC 50 of the test sample exceeded 100 mg/ml. Results are expressed as the meanϮS.D. of three experiments.
flammatory effects, as did indomethacin, and stronger effects in inhibiting iNOS and NO production by LPS-stimulated RAW 264.7 cells.
The Methyl Ester Derivative of Indomethacin Induces Apoptosis in HL-60 Cells When human leukemia HL-60 cells were treated with indomethacin and its derivatives for 12 h at 50 mg/ml, cytotoxic activities were observed in the MTT assay. M-IN exhibited greater cytotoxic effects than did the others (Fig. 3) , and the IC 50 value was 36.9 mg/ml ( Table  2) .
To characterize the cell death of HL-60 cells, we further observed morphological changes in cells detailed using a light microscope. Several apoptotic bodies were induced in HL-60 cells after treatment with 25 mg/ml of M-IN for 12 h (Fig. 4) . Apoptotic bodies have identical morphology and are known to reflect sequential stages of apoptosis. DNA fragmentation is also a characteristic feature of apoptosis. A typical experimental result of agarose gel electrophoresis is shown in Fig. 5 . Increased DNA fragmentation was apparent in HL-60 cells treated with indomethacin and its derivatives for 12 h, and M-IN showed dose dependence, while the other did not. Apoptotic cells with degraded DNA, mostly located below the G 1 peak in the DNA histogram (M1), were estimated from Fig. 6 to be 11.36Ϯ2.14% in control cells, while the percentage of apoptotic cells increased in a dose-dependent manner for 12 h. Cell apoptosis by M-IN was also confirmed by flow cytometric analysis of DNA-stained cells. On the other hand, caspase 3 is primarily responsible for the cleavage of PARP (116 kDa) during cell death, which produces an 89-kDa fragment, detectable by Western blot assay. When HL-60 cells were treated with M-IN for 12 h, the 116-kDa band activity progressively diminished, while the 85-kDa signal increased dose-dependently, and that of pro-caspase 3 was reduced (Fig. 7) . Moreover, the cytotoxic effects of M-IN (25.0 mg/ml) significantly decreased dependent on the concentration of caspase 3, when HL-60 cells were pretreated with a caspase 3 inhibitor at 12.5-100 mg/ml for 2 h (Fig. 8) . From the above results, M-IN-induced apoptosis in HL-60 cells is suggested to occur through the caspase 3 pathway.
DISCUSSION
The pharmacological effects of NSAIDs reduce PGE 2 levels via inhibition of COX activity or iNOS. In addition, epidemiological and laboratory studies have suggested that NSAIDs are chemopreventive for colon cancer.
12) However, only a few analgesic NSAIDs, such as lornoxicam and indomethacin can inhibit both iNOS and COX. 13) NO formation is increased during inflammation, and several classic inflammatory symptoms are reversed by NOS inhibitors, such as erythema, vascular leakiness, etc. 7) Therefore, NSAIDs can both inhibit NO and PGE 2 production, and produce antiinflammatory and anticarcinogenic effects. In this paper, we first determined the inhibition of NO production and iNOS expression by M-IN in LPS-stimulated RAW 264.7 cells.
M-IN can be produced by the photolysis of indomethacin in methanol 6) and by other chemical syntheses. 14) Previous studies showed that selective COX 2 inhibition was improved by conversion of the free carboxylate group in indomethacin. 14) For example, E-IN and M-IN are more-significantly selective for COX 2 inhibition than is IN. 14) However, NO production from LPS-stimulated RAW 264.7 cells and the induction of apoptosis in HL-60 cells differed between M-IN and E-IN (Fig. 5, Table 2 ). According to our findings, 2208 Vol. 28, No. 12 (Table 2) , and induced apoptotic bodies and DNA fragmentation (Figs. 4-6) . Results indicated that M-IN induced apoptosis in HL-60 cells. PARP is involved in DNA repair and genomic integrity. 10, 15) When PARP is cleaved to an 86-kDa fragment, the DNA repair function is inhibited. 10, 15) The active form of caspase 3 is a 17-kDa fragment, which directly cleaves PARP during apoptosis. 10, 16) In Fig. 7 , M-IN is shown to enhance the cleavage of PARP and decrease Pro-caspase 3 (32 kDa) expression in HL-60 cells after treatment for 12 h. On the other hand, the cytotoxic effect of M-IN was significantly recovered by cotreatment with a caspase 3 inhibitor (Fig. 8) ; therefore apoptosis is suggested to occur through activation of caspase 3.
The structure of indomethacin's methyl ester is different from indomethacin that is methyl ester and may be hydrolysis by esterase of cells and releases MeOH. However, if methyl ester of indomethacin (100 mg/ml) is complete hydrolysis, only 0.269 mM MeOH will be released. When HL-60 cells were treated 0.5% MeOH (123.4 mM), no cytotoxicity was induced. Therefore, we suggested the cytotoxicity effect of methyl ester of indomethacin is not caused via MeOH. In summary, when the free hydroxyl group of in- domethacin (IN) was changed to methyl ester (M-IN) , the subsequent pharmacological effects differed. However, M-IN exhibited greater effects as a chemopreventive and anti-inflammatory drug than IN, a NSAID.
